The minimal change nephrotic syndrome (MCNS) occurs at an incidence of approximately 70-90% of children and 10-15% in adults with nephrotic syndrome. It is generally accepted that the initial response to corticosteroids is the single best indicator for its long-term prognosis.[@B1] Despite a wide range of studies that have been conducted for the past decades, however, it etiology remains uncertain.

Histologically, the MCNS has no discernible abnormalities on light microscopy and no immune deposits on immunofluorescence examination. But the effacement of podocyte foot process is observed on electron microscopy.[@B2]

Electron dense deposits (EDDs) are not observed well in cases of MCNS.[@B3] According to other studies, only EDDs are present both locally and indistinctively. But this has no pathological significance. Histologically, however, they are trapped in the damaged capillary walls or in the mesangium.[@B4] Still, however, the prognostic value of EDDs remains obscure.

We conducted this study to examine the clinical significance of the electron microscopic findings of EDDs which are very rarely seen in patients with MCNS.

MATERIALS AND METHODS
=====================

In the current study, we reviewed 307 cases of renal biopsies that had been performed in 234 adults and 73 children, both of whom were diagnosed with nephrotic syndrome, during the same period. In addition, a diagnosis of MCNS was established in 23 adults and 39 children. Of total patients who were diagnosed with MCNS at Yeungnam University Hospital from February of 2000 to April of 2010, those who had EDDs on electron microscopy and for whom medical records were available were enrolled in the current study. A total of 11 patients were assigned to the EDD group (n=11). Besides, there were 13 age- and sex-matched patients who had no EDDs on electron microscopy during the same period. These 13 patients were assigned to the non-EDD group (n=13), served as the control group. We excluded patients with so-called IgM nephropathy from the current analysis.

At the time of diagnosis, we evaluated the clinical characteristics such as age, gender, main symptoms, disease duration, and blood pressure. We also compared clinical laboratory findings associated with the renal function such as complete blood counts, protein, cholesterol, complement and immunoglobulins between the two groups. Besides, on urinalysis, we also evaluated hematuria, glucose, protein and creatinine. To analyze the treatment response, we also compared medications for early stage, a period until a remission of the disease and the frequency of recurrence between the two groups.

Based on criteria of Valentini and Smoyer,[@B1] according to the onset of primary nephrotic syndrome and its remission and the pattern of its response to steroid therapy, the nephrotic syndrome was divided into the frequent relapse nephrotic syndrome (FRNS), the steroid dependent nephrotic syndrome (SDNS) and the steroid resistant nephrotic syndrome (SRNS). In children of each group, high blood pressure was defined as systolic and/or diastolic pressure over the 95 percentile. In addition, it was also defined as the systolic pressure of \>140 mm Hg and the diastolic pressure of \>90 mm Hg in adults of each group.[@B1]

At the time of diagnosis, for steroid treatment, patients were daily given prednisolone (PDS) 60 mg/m^2^/day (maximum dose for children, 60 mg/day; adult, 80 mg/day) via an oral route three times in divided doses for four weeks every day. Thereafter, patients were given at a dose of 40 mg/m^2^/day every other day for another four weeks. If patients had a recurrence after remission, patients were daily given PDS at a dose of 60 mg/m^2^/day until three days after the remission. Thereafter, patients were given at a dose of 40 mg/m^2^/day once every two days for additional four weeks. Then, the dosage was decreased dosage and then eventually stopped. In patients with a dependency on or a resistance to the PDS treatment, the secondary drugs were administered and they include cyclophosphamide, chlorambucil, cyclosporin A, tacrolimus, mycophenolate mofetil and methylprednisolone pulse.

For a biopsy of the renal tissue, we prepared the paraffin-embedded blocks into the tissue sections at a thickness of 2 µm. This was followed by staining with hematoxylin and eosin, periodic acid-Schiff, trichrome and periodic acid-methenamine-silver stains for microscopic examination. For immunohistochemistry, we prepared a frozen tissue section and then stained it with anti-human IgG, A, M and complements 3 and 1q. For an electron microscopy, the fresh tissue was double fixed in 2.5% glutaraldehyde and OsO~4~ embedded in an epon mixture, ultrathin sectioned and stained with uranyl acetate and lead citrate. This was followed by an electron microscopy using a Hitachi H-7000 transmission electron microscope (Hitachi, Tokyo, Japan). Statistical analysis was done using SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA) for which a chi-square test and a Mann-Whitney test were performed. A p\<0.05 was considered statistically.

RESULTS
=======

The mean age at the time of diagnosis was 28.2±19.4 years old in the EDD group and 27.9±20.9 years in the non-EDD group. In the EDD group, there were 11 patients (n=11) who were composed of eight men and three women. In the non-EDD group, there were 13 patients (n=13) who were composed of eight men and five women. These results indicate that there was no significant difference in the male-to-female ratio between the two groups.

At the time of diagnosis, chief complaints were edema in our clinical series of patients. In addition, the disease duration was 12.6±8.3 days in the EDD group and 13.0±10.1 days in the non-EDD group. These results indicate that there was no significant difference in the disease duration between the two groups.

We evaluated a period until a remission of the disease, the length of time elapsed until a renal biopsy since a diagnosis was made and the mean follow-up period. But there were no significant differences in these parameters between the two groups. In addition, at the time of diagnosis, mean blood pressure (systolic blood pressure/diastolic blood pressure) was 124.1±16.6/75.1±8.1 mm Hg in the EDD group and 123.3±22.2/77.1±16.2 mm Hg in the non-EDD group. These results indicate that there were no significant differences in the mean blood pressure (systolic blood pressure/diastolic blood pressure) between the two groups ([Table 1](#T1){ref-type="table"}). High blood pressure was found in two adults of the EDD group and five adults of the non-EDD group. But there were no children who had a high blood pressure. Based on a retrospective analysis of the medical records at the latest follow-up, there was one adult woman who was diagnosed with hypertension. This patient was found to use loop diuretics and angiotensin receptor blockers for blood pressure control. The rate of recurrence was 90.9% in the EDD group and 58.8% in the non-EDD group. The annual frequency of relapse was 1.1±0.7 times/yr in the EDD group and 0.5±0.6 times/yr in the non-EDD group. This difference reached a statistical significance (p=0.023).

Regarding the kidney function, mean serum level of blood urea nitrogen (BUN) was 18.3±10.0 in the EDD group and 18.6±11.3 mg/dL in the non-EDD group. But this difference reached no statistical significance. Mean serum creatinine level was 0.8±0.3 mg/dL in the EDD group and 1.0±0.7 mg/dL in the non-EDD group. But this difference reached no statistical significance. Besides, mean creatinine clearance was 93.1±25.5 mL/min in the EDD group and 99.8±41.6 mL/min in the non-EDD group. But this difference reached no statistical significance ([Table 2](#T2){ref-type="table"}). In addition, there were no significant differences in total protein, albumin, total blood cholesterol and triglyceride between the two groups. There were no differences in the mean serum levels of IgG and IgA between the two groups. Overall, however, the mean serum level of IgM was 84.4±36.6 mg/dL in the EDD group and 173.0±118.9 mg/dL in the non-EDD group. These results showed that it was significantly higher in the non-EDD group as compared with the EDD group (p=0.082) ([Table 2](#T2){ref-type="table"}). At the time of diagnosis, on urinalysis, there was one case of microscopic hematuria in the EDD group and three cases in the non-EDD group. But this difference reached no statistical significance. There were no patients who presented with the symptoms that are suggestive of diabetes. When categorized according to the kidney function steps of the National Kidney Foundation-Kidney Disease Outcomes Quality Initiative (NKF-K/DOQI) categorization, there was no case that seemed to have a low kidney function of above stage III ([Table 3](#T3){ref-type="table"}).[@B5]

On a biopsy of the renal tissue, followed by a light microscopy, there were no such findings as glomerular cell proliferation, glomerulosclerosis, tubular atrophy and interstitial fibrosis ([Fig. 1](#F1){ref-type="fig"}). Besides, there was no infiltration of the interstitial inflammatory cells. In the non-EDD group, two cases were positive for IgM but only at a trace amount. We excluded cases of strong positive for IgM from the current analysis. Of these cases, one had whole glomerulus in paraffin-embedded blocks and all the remaining ones showed a loss of foot processes under an electron microscopy. Besides, we incidentally detected EDDs from the mesangium in nine cases and around the mesangium (paramesangium) in two cases, all of which were small and discrete ([Figs. 2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}).

Based on the classification into the FRNS, the SDNS and the SRNS according to the degree of response to steroid treatment, the progression to SDNS was seen in five patients of each group. But this difference reached no statistical significance ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

The MCNS is one of the most common causes of idiopathic nephrotic syndrome, for which the standard initial treatment is corticosteroid therapy at the present in children in particular.[@B6] The most important prognostic indicator in nephrotic syndrome is a responsiveness to the steroid therapy.[@B7] This is because the initial attack of MCNS is very sensitive to prednisone treatment.[@B8] Renal biopsies are generally limited to patients with SRNS and are recommended before starting nephrotoxic treatments such as cyclosporin to identify the reason for the lack of a clinical response.[@B7]

In cases of MCNS, the glomeruli appear to be normal or show a minimal increase in mesangial cells and matrix.[@B9] In addition, they are negative for deposits on immunofluorescent microscopy or occasionally show small amounts of IgM in the mesangium.[@B10] An electron microscopy consistently demonstrates the effacement of the foot processes of podocytes.[@B10] Additionally, there are some minor abnormalities on light microscopy and they are considered to be MCNS variants. Some authors have reported that the IgM deposition in the mesangium and mesangial hypercellularity are related to the response to steroid therapy and the long-term course of MCNS.[@B6] In the current study, there were two cases of IgM deposits in the non-EDD group but only at a trace amount on immunofluorescence microscopy. We excluded so-called IgM nephropathy that is characterized by strong IgM deposition. In our series, the mean serum level of IgM was significantly lower in the EDD group compared with the non-EDD group (p=0.082).

On immunofluorescence microscopy, there were several glomeruli at a mean number of 4.5 in the EDD group. We detected very little deposition of immunoglobulin or complement, being less than a trace or on 1+. This may be due to a very small amount of antibodies available to detect or to other types of immunoglobulin or complement compared with the conventional staining items.

According to Jeong et al.,[@B11] of a total of 60 patients with MCD, 25 (15 adults and 10 children) had a mesangial IgA deposition and 24 of them (14 adults and 10 children) had the EDD deposited in the mesangium. Similarly, most of our clinical series of patients had the EDD deposited in the mesangium or paramesangium with no additional changes.

Regarding kidney function, mild azotemia is usual in children with nephrotic syndrome and the serum creatinine is elevated in 32% of total cases.[@B12] Nevertheless, our results showed that there were no differences in the estimated creatinine clearance and serum creatinine levels between the two groups. Furthermore, there were also no differences in the BUN and other laboratory findings (total protein, serum albumin, total blood cholesterol and triglycerides) between the two groups. It has been reported that the microscopic hematuria is found in 25% of the children with MCNS at the time of diagnosis.[@B2] In our series, however, on urinalysis at the time of diagnosis, there was one case of microscopic hematuria in the EDD group and three cases in the non-EDD group. But this difference reached no statistical significance.

A large-scale study of MCNS found a gradual tendency toward an increase in the number of non-relapsing patients over time, reaching 80% at 8 years after onset of the disease.[@B13] A majority of children (60%) with nephrotic syndrome experience one or more relapses, and most patients experience a gradual decrease in the frequency of relapses over time.[@B1] Allen et al.[@B14] reported that eight of 25 patients with immune deposits on the initial renal biopsy were steroid non-responsive, whereas only one of 43 patients without immune deposits was steroid non-responsive (p\<0.01). Of 44 patients with normal mesangial cellularity, 31 experienced fewer than three relapses a year, whereas only six of 15 patients with mesangial hypercellularity experienced fewer than three relapses a year (p=0.035).[@B13]

In the current study, the number of relapses per year was also significantly higher in the EDD group (p=0.023) as compared with the non-EDD group. But it could not predict the clinical course or responsiveness to steroid therapy. Because the current study was conducted in a small number of patients (n=11), however, further studies are warranted to indentify the importance of electron dense deposition in the mesangium and mesangial hypercellularity in a large series of patients with MCNS.
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![A light microscopy of a 3-year-old girl who has no glomerular cellular proliferation or segmental sclerosis.](kjpathol-46-137-g001){#F1}

![An electron microscopy of a 39-year-old male man who has small mesangial electron dense deposits (arrows) and diffuse fusion of foot processes (×5,000).](kjpathol-46-137-g002){#F2}

![An electron microscopy of a 11-year old boy who has paramesangial electron dense deposits (arrow) (×5,000).](kjpathol-46-137-g003){#F3}

###### 

Clinical characteristics of patients
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EDD, electron dense deposits; NS, not significant.
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Comparison of clinical laboratory data
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EDD, electron dense deposits; BUN, blood urea nitrogen; NS, not significant; Ccr, creatinine clearance.

###### 

Comparison of estimated creatinine clearance based on the NKF-K/DOQI Criteria
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NKF-K/DOQI, National Kidney Foundation-Kidney Disease Outcomes Quality Initiative; EDD, electron dense deposits.

^a^Stage: I, ≥90 mL/min/1.73 m^2^; II, 60-89; III, 30-59; IV, 15-29; V, \<15.
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Response to corticosteroid treatment
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EDD, electron dense deposits; SSNS, steroid-sensitive nephrotic syndrome; NS, not significant; FRNS, frequent-relapse nephrotic syndrome; SDNS, steroid-dependent nephrotic syndrome; SRNS, steroid-resistant nephrotic syndrome.
